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road  building,  and  where  the  securing  of  serviceable  roads  at  a  reason- 
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therefore,  that  the  report  be  published  as  Bulletin  No.  27  of  this  Office. 
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Logan  Waller  Page, 

Director. 
Hon.  James  Wilson, 
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THE  CONSTRUCTION  OF  SAND-CLAY  AND  BURNT-CLAY  ROADS. 


INTRODUCTION. 

Natural  sand-clay  roads  may  frequently  be  found  in  localities  where 
the  soil  contains  the  right  proportions  of  sand  and  clay.  In  sections 
of  the  country  where  the  prevailing  subsoil  is  composed  entirely  of 
clay,  or,  on  the  other  hand,  is  of  an  extremely  sand}'  character,  these 
materials  may  be  properly  mixed  so  as  to  overcome  as  far  as  possible 
the  objectionable  features  of  each.  The  mixing  of  sand  and  clay  as  a 
form  of  road  construction  has  received  careful  study  and  is  of  great 
importance,  especially  to  the  Atlantic  and  Gulf  States,  where  through- 
out large  areas  sand  and  clay  are  practically  the  only  materials  avail- 
able for  road  building. 

One  of  the  objects  of  this  bulletin  is  to  give  some  account  of  the 
commonly  observed  physical  characteristics  of  clays  and  sands,  as  an 
aid  to  the  use  of  these  materials  for  constructing  roads.  It  must  be 
remembered,  however,  that  the  great  variation  in  the  physical  proper- 
ties of  clay  makes  it  difficult  to  give  definite  rules,  which  shall  be 
general  in  their  nature,  for  the  mixing  and  application  of  this  material. 

It  may  safely  be  said  that  the  construction  of  sand-clay  roads  in  the 
Southern  States  has  passed  the  experimental  stage.  It  has  been 
proved  that  they  are  well  adapted  for  light  traffic,  and  are  less  noisy, 
less  dusty,  and  more  resilient  than  the  average  macadam  road.  Even 
under  heav}-  traffic  the}'  have  proved  to  a  great  extent  satisfactoiy. 
There  are  sand-clay  roads  in  the  South  Atlantic  and  Gulf  States  over 
which  heavy  loads  of  cotton  and  other  farm  products  are  hauled 
throughout  the  year,  with  but  little  resulting  damage.  When  the 
cheapness  of  this  kind  of  construction  is  considered,  it  will  be  seen 
that  for  certain  localities,  at  least,  it  is  preferable  to  macadam. 

In  some  sections  of  the  country  the  only  material  available  from 
which  roads  can  be  constructed  is  clay.  To  meet  this  condition  the 
Office  of  Public  Roads  made  an  experiment  in  the  so-called  " gumbo" 
district  of  the  lower  Mississippi  Valley,  of  burning  the  clay  along  the 
entire  length  of  the  road.  By  burning  clay,  even  at  a  moderate  heat, 
its  well-known  sticky  or  plastic  quality  is  destroyed,  so  that  even  in 
the  wettest  weather  it  will  bear  traffic.  If  the  clay  is  fired  along  the 
entire  length  of  the  road,  the  cost  of  hauling  it  is  avoided,  and  at  the 
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same  time  the  advantage  is  gained  of  burning  the  foundation  of  the 
road  as  well  as  the  material  to  be  placed  upon  it.  A  full  account  is 
given  of  the  experiment  referred  to  above,  together  with  the  reports 
Which  have  been  received  as  results  of  local  inspection  and  experience 
in  the  annual  report  of  the  Office  for  1905. 

PHYSICAL  PROPERTIES  OF  SAND  AND  OF  CLAY. 

The  mineral  known  as  quartz,  which  is  composed  of  silica,  is  found- 
abundantly  in  all  parts  of  the  earth.  When  consolidated  by  heat  and 
pressure  into  great  masses  of  rock  it  is  known  as  quartzite,  and  it  also 
appears  as  an  important  constituent  of  many  different  kinds  of  rock. 
When  quartzite  is  disintegrated  by  the  action  of  the  elements  and  is 
found  in  great  loose  masses,  composed  of  fine  and  more  or  less  uniform 
grains,  it  is  known  as  sand.  It  is  a  well-recognized  fact  that  sand 
lacks  binding  power,  and  on  drying  out  is  of  a  loose  and  unstable 
nature. 

Clay,  on  the  other  hand,  is  formed  b}T  the  decomposition  of  other 
minerals  which  go  to  make  up  the  structure  of  rocks..  The  origin  of 
all  clay  is  the  mineral  feldspar,  which,  under  the  action  of  water,  has 
been  gradually  leached  out  and  changed  into  clay.  The  particles  of 
clay  are  usually  much  finer  than  those  of  sand  and  are  frequently  car- 
ried by  running  water  some  distance  from  the  point  at  which  they  were 
originall}'  formed,  where,  having  settled  as  a  sediment  on  the  bottom, 
they  form  deposits  which  are  known  as  sedimentary  clays.  In  some 
cases  where  huge  deposits  of  feldspathic  rock  have  been  disintegrated 
and  changed  by  the  action  of  water  in  place,  the  deposits  are  known 
as  residual  clays. 

It  will  be  seen  from  this  that  clays  must  vary  both  in  texture  and 
composition.  Some  will  be  found  to  contain  as  much  as  75  per  cent 
of  sand,  while  others  are  extreme!}'  fine  in  texture  and  entirely  with- 
out grit.  As  would  be  expected,  the  sedimentary  clays  are  usually 
finer  and  more  sticky  and  plastic  than  the  so-called  residual  clays. 

The  two  properties  of  clays  which  are  of  the  greatest  importance 
from  the  standpoint  of  road  building  are,  first,  plasticity,  and  second. 
the  property  of  slaking  when  they  first  become  wet  after  having  been 
uncovered.  A  clay  is  called  plastic  which  becomes  sticky  or  dough- 
like when  mixed  with  a  certain  amount  of  water,  so  that  it  can  be 
molded  or  pressed  into  various  shapes  which  it  will  retain  even  after 
it  has  been  dried.  The  most  plastic  of  these  materials  arc  known 
technically  as  "  ball  clays."  If  a  lump  of  such  a  clay  as  this  is  immersed 
iu  water  it  will  usually  preserve  its  form  for  a  long  time. 

There  are  other  clays,  however,  which  will  immediately  fall  to 
pieces,  as  a  lump  of  quicklime  will  do  under  similar  conditions.  This 
i-  known  to  be  due  to  tin1  very  rapid  absorption  of  water  into  the 
porous  structure  of  the  clay.      It  will  easily  be  seen  that  this  charac- 
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teristic  is  an  important  one  from  the  standpoint  of  the  road  builder, 
for  any  sort  of  agitation  will  cause  a  large  percentage  of  a  slaking 
clay  to  pass  into  suspension  in  water  and  form  a  thick  mud.  Non- 
slaking  clays,  although  they  are  yery  sticky  when  wet,  do  not  so  read- 
ily mix  with  water.  It  stands  to  reason  that  the  slaking  clays  are 
usually  "deep  seated,''  that  is  to  say,  they  will  be  found  below  the 
surface  of  the  ground.  Slaking  cla}rs  are  more  easily  mixed  with 
other  materials  than  the  more  plastic  ball  cla}Ts,  and  this  is,  of  course, 
to  their  adyantage  for  road  building.  On  the  other  hand,  they  are 
often  of  inferior  binding  power.  Before  constructing  a  sand-clay 
road  it  is  best  to  test  the  materials  available  in  the  immediate  neigh- 
borhood in  order  to  secure  those  best  suited  to  the  work. 

There  is  still  another  physical  characteristic  of  clay  which  is  more 
or  less  important  from  the  standpoint  of  road  building.  Some  clays 
shrink  when  dried,  which  leads 
to  the  cracking  and  breaking  up 
of  their  surfaces.  Fortunatety 
the  shrinkage  of  a  clay  is  easily 
tested,  as  it  is  only  necessaiy  to 
mix  a  sample  with  the  proper 
amount  of  water  and  allow  it 
to  dry  out  in  the  sun.  If  the 
mixing  with  sand  is  properly 
clone  the  bad  effect  of  high 
shrinkage  can  be  largely  over- 
come. 

THE    MIXING    OF    SAND   AND 
CLAY. 


Fig.  1.— Clay  mixed  with  sand  to  the  point  of  saturs 
tion,  with  the  angular  sand  grains  in  contact. 


The  best  sand-clay  road  is  one 
in  which  the  wearing  surface  is 
composed  of  grains  of  sand  in  contact  in  such  a  way  that  the  voids  or 
angular  spaces  between  the  grains  are  entirety  filled  with  clay,  which 
acts  as  a  binder.  Any  excess  of  clay  above  the  amount  necessary  to 
fill  the  voids  in  the  sand  is  detrimental.  If  a  small  section  taken  from 
the  surface  of  any  well-constructed  sand-cla}T  road  is  examined  with  a 
magnifying  glass,  the  condition  of  contact  which  exists  between  the 
grains  of  sand  and  the  small  proportion  of  clay  which  is  required  to 
fill  the  voids  may  be  seen.  Wherever  this  proper  condition  of  contact 
exists  for  a  few  inches  in  thickness  upon  the  surface  of  a  road,  it  will 
bear  comparatively  heavy  traffic  for  a  long  time,  even  when  the  sub- 
soil is  sand  or  clay.  The  proper  mixture  or  saturation  point  of  clay 
and  sand  can  easily  be  seen  by  referring  to  figure  1. 

All  the  experiments  that  have  been  made  by  this  Office  indicate  that 
the  materials  should  not  be  mixed  in  a  dry  state,  but  that  thej"  should 
2752— No.  27—06 2 
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be  thoroughly  mixed  and  puddled  with  water.  It  makes  little  differ- 
ence by  what  method  the  stirring  or  mixing  is  done,  so  long  as  it  is 
thorough  and  proper  proportions  of  the  materials  are  obtained.  If 
an  excess  of  clay  is  used  in  the  mixture,  as  shown  in  figure  2.  the 
grains  of  sand  which  are  not  in  contact  are  free  to  move  among  and 
upon  each  other,  so  that  no  particle  exerts  more  resistance  to  pressure 
than  if  the  entire  mass  consisted  of  clay  alone.  On  the  other  hand, 
if  an  insufficient  amount  of  clay  is  used,  the  mixture  svill  lack  binding 
power  and  will  soon  disintegrate. 

We  may  now  outline  the  methods  which  have  been  used  to  obtain 
the  proper  contact  mixture,  although  it  will  be  necessary  to  discuss 
separately  the  methods  of  treating  slaking  and  nonslaking  varieties 
of  clay.  It  will  readily  be  seen  that  it  is  less  economical  to  haul 
sticky  or  plastic  clay  and  spread  it  upon  sand  than  it  is  to  haul  sand 

and  spread  it  upon  clay.  The 
clay  is  difficult  to  dig  and  handle 
and  usually  comes  out  in  lumps, 
which,  if  placed  upon  the  road- 
bed and  covered  with  sand,  are 
apt  to  remain  unbroken  unless 
great  care  is  taken  in  the  mix- 
ing. The  bad  effects  of  lumps 
of  clay  in  a  sandy  subsoil  and 
the  effects  of  traffic  on  such  a 
mixture  are  illustrated  in  figures 
3  and  4. 

Figure  3  shows  a  cross  section 
of  a  road  into  which  lumps  of 
clay  have  been  worked.  Figure 
•I  shows  the  displacement  of 
these  lumps  when  subjected  to 
the  resulting  formation  of  deep 


Fig.  2.— Sand-clay   mixture    with    an    insufficient 
amount  of  sand,  the  gr-iins  not  being  in  contact. 


the  prolonged  action  of  traffic,  and 

ruts  and  general  disintegration  of  the  surface. 

It  has  been  pointed  out  that  thorough  stirring  and  puddling  are 
absolutely  essential  to  successful  sand-clay  construction.  This  is  most 
easily  brought  about  immediately  after  a  hard  or  prolonged  rain,  the 
clay  having  been  previously  spread  and  the  larger  lumps  broken  up 
as  completely  as  possible.  The  surface  should  then  be  covered  with  a 
few  inches  of  sand  and  plowed  and  harrowed  thoroughly  by  means  of 
a  turning  plow  and  a  cutaway  or  disk  harrow.  This  stage  of  the 
work  will  of  course  be  found  somewhat  disagreeable,  leading,  as  it 
■  lots,  to  the  formation  of  a  thick,  pasty  mud:  but  it  is  the  only  prac- 
ticable way  in  which  the  necessary  mixing  can  be  accomplished. 
Many  experiments  have  been  tried  with  dry  mixing  of  the  clay  and 
-and.  but  all  have  been  more  or  less  unsuccessful.     In  cases  where  the 
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plowing  and  harrowing  are  considered  too  expensive,  the  mixing  may 
be  left  to  traffic.  This,  however,  inevitably  leads  to  a  muddy  road 
surface  for  a  long  time,  although  finally  it  is  possible,  by  a  proper 
distribution  of  the  sand  upon  the  clay,  to  bring  about  a  fairly  good 
result,  even  by  this  simple  method. 

In  case  a  slaking  clay  is  used,  very  much  less  puddling  is  required, 
as  there  are  practically  no  lumps  to  be  broken  up  and  the  mixing  can 
easily  be  done  with  the  harrow  after  a  rain.  Slaking  cla}Ts  do  not 
usually  make  as  effective  binders  as  the  more  plastic  clays;  there- 
fore in  dry  weather  the  road  surface  becomes  more  dusty.  It  will 
be  seen  that  the  best  cla}T  for  this  kind  of  construction  is  one  which 
slakes  sufficiently  easily  to  enable  the  lumps  to  be  readily  broken 
up,  and  which  at  the  same 

time,  without  being  too  ---^  ^^'^0^%6§Q%f?^^^^  ^ 
plastic,  has  sufficient  bind-  s-''  ">-' 

ing  power  to    cement    the 

/.  j  j    £  Fig.  3.— Cross  section  of  road,  showing  lumps  of  clay  placed 

grains  of    Sand  and   form   a  on  a  sand  subsoil  and  covered  with  sand. 

smooth,  impervious  surface 

on  the  road.  Clays  of  this  nature  which  have  given  excellent  results 
are  found  in  abundance  in  many  of  the  Southern  States  and  doubtless 
exist  elsewhere.  Their  color  is  usually  red  or  mottled  red  and  white. 
Occasionally  clays  are  found  sufficiently  sandy  to  be  suitable  for  use 
without  further  mixing.  When  this  is  the  case  it  is  only  necessary 
to  spread  the  material  on  the  road  and  allow  it  to  pack  under  traffic. 

It  is  obvious  that  it  is  neces- 
^'^d'^^^^Ph^-^  sary  to  pav  careful  attention 

""  to  the  physical  properties 

of  the  available  clay  in  the 

Fig.  4.— Cross  section  of  road,  showing  displacement  of      ,,,    •™U"u^„'u^^ i    ^£   +C      ^„  a 
lumps  of  clay  when  subjected  to  travel.  neighborhood   ot   the    road , 

as  it  will  frequently  be 
found  economical  to  haul  good  material  for  some  distance  rather  than 
to  use  an  inferior  material  which  is  close  at  hand.  The  qualities  to 
be  considered,  as  has  been  pointed  out,  are  the  greatest  binding  power 
obtainable,  together  with  the  least  amount  of  labor  necessary  for  dis- 
integrating- and  mixing. 

APPROXIMATE    METHOD  FOR    ESTIMATING   THE    PROPER    PROPORTIONS  OF 

SAND    AND    CLAY. 

It  has  already  been  shown  that  the  best  mixture  for  sand-clay  con- 
struction is  one  in  which  there  is  just  enough  cla}T  to  till  the  voids  in 
the  sand,  thus  producing  the  proper  cementing  bond  in  the  road  sur- 
face. No  exact  rules  can  be  laid  down  for  calculating  in  advance  the 
best  mixture.  It  must  be  remembered  that  the  relation  of  weight  and 
volume  will  vary  widely  in  different  clays,  according  to  the  amount 
of  water  which  they  contain.     Some  clays,  especially  the  more  plastic 
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varieties,  even  after  they  are  as  thoroughly  dried  as  they  can  be  by  the 
hottest  summer  sun,  will  still  hold  as  much  as  20  per  cent  of  water. 
This  water  is  known  to  chemists  as  tc  water  of  combination, "  because 
it  seems  to  be  either  combined  with  or  held  in  the  structure  of  the 
clay  particles  in  such  a  way  that  it  can  only  be  driven  out  at  a  high 
temperature.  It  is  apparent  from  this  that  in  handling  a  clay  of  this 
kind,  even  when  it  seems  quite  dry,  each  ton  will  contain  -100  pounds 
of  water  which  does  not  enter  into  the  consideration  of  volume.  The 
amount  of  clay  necessary  to  fill  the  voids  in  any  given  sand  will  there- 
fore be  found  to  vary. 

An  easy  method  for  making  a  rough  or  approximate  estimate  of  the 
volume  of  the  clay  filler  required  for  an}7  unit  quantity  of  a  given  sand 
is  as  follows:  Two  ordinary  glass  tumblers  of  as  nearly  as  possible  the 
same  size  are  filled  to  the  brim,  one  with  the  dry  sand  to  be  tested  and 
the  other  with  water.  The  water  is  then  poured  carefully  from  the 
one  glass  into  the  sand  in  the  other  until  it  reaches  the  point  of  over- 
flowing. The  volume  of  water  removed  from  the  glass  which  was 
originally  full  of  water  can  be  taken  as  an  approximate  measure  of 
the  voids  in  the  unit  volume  of  sand  contained  in  the  tumbler.  A 
simple  calculation  will  reduce  this  to  percentage  volume. 

Practical  experience  has  shown  that  the  tendency  is  to  calculate  too 
little  rather  than  too  much  sand  for  given  amounts  of  clay,  and  almost 
invariably  a  second  and  even  a  third  application  of  sand  is  necessary 
over  and  above  the  calculated  amount.  It  often  happens  that  clay 
will  work  up  to  the  surface  under  the  action  of  traffic,  in  which  case 
an  extra  top  dressing  of  sand  should  be  added  when  required. 

METHODS  OF  CONSTRUCTING  A  SAND-CLAY  ROAD. 

In  passing  to  a  detailed  description  of  methods  of  construction,  it 
must  first  be  stated  that  there  are  two  distinct  conditions  which  are 
likely  to  be  met.  In  the  first  case,  the  road  ma}7  have  a  sandy  subsoil, 
ordinarily  spoken  of  as  "deep"  sand,  the  objectionable  features  of 
which  must  be  overcome  by  the  addition  of  clay.  On  the  other  hand, 
the  subsoil  ma}7  be  of  clay,  and  in  this  case  sand  must  be  added  to  it. 
Since  there  is  a  radical  difference  in  the  methods  of  construction  in 
these  two  cases,  each  will  be  treated  separately. 

DRAINAGE. 

In  all  forms  of  road  construction  the  most  important  consideration 
is  that  of  drainage.  If  natural  drainage  does  not  exist,  artificial 
met  hods  must  be  used.  The  best  natural  drainage  is  usually  found 
upon  a  loose  gravel  or  a  sandy  soil,  especially  when  the  grade  of  the 
road  is  somewhat  above  the  surrounding  country.  If  the  land  is  dry 
and  the  sand  deep  enough  to  absorb  quickly  even  the  heaviest  rains, 
no  special  attention  need  be  given  to  drainage  other  than  to  provide 
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the  proper  crown  to  the  surface  of  the  finished  road  to  divert  the 
water  from  it.  Frequently,  in  tide-water  regions,  the  country  is  so 
low  and  level  that  the  surface  of  the  road  is  likely  to  be  kept  con- 
tinual^ wet  from  seepage.  If  this  condition  has  to  be  met,  it  is  nec- 
essary to  dig  wide  ditches  on  each  side  of  the  roadbed  and  raise  the 
grade  so  that  the  crown  of  the  road  will  be  sufficiently  high  to  shed 
water  thoroughly  before  hauling  any  clay  upon  it. 

It  is  very  important  that  no  stamps  or  branches  of  trees  or  other 
matter  subject  to  decay  should  be  overlooked  and  left  in  the  roadbed, 
as  at  such  points  weak  places  are  sure  to  be  developed  in  the  course  of 
time.  Although  natural  drainage  is  much  better  on  sand}*  subsoils 
than  on  clay,  in  cla}7  districts  the  conformation  of  the  country  is  more 
likely  to  be  of  an  undulating  or  rolling  character,  thus  furnishing  a 
natural  watershed.  Temporary  or  so-called  "  wet- weather ''  springs 
are  not  so  likely  to  occur  in  sandy  soils  as  in  clay'  soils,  and  therefore 
need  not  be  so  carefully  guarded  against.  Nevertheless,  if  any  indi- 
cations of  these  springs  are  found,  precautions  should  be  taken  to  con- 
duct the  water  to  the  side  ditches  by  some  form  of  under  drain  age. 

SAND-CLAY    CONSTRUCTION    UPON    A    SANDY    SUBSOIL. 

When  the  drainage  has  been  property  provided,  the  roadbed  should 
be  brought  to  a  crown.  It  has  been  found  more  economical  to  crown 
first  a  section  of  the  road  nearest  the  source  of  the  clay.     The  first 


Fig.  5. — Cross  section  of  road,  showing  clay  cover  on  "  deep"  sand  subsoil. 

load  of  clay  is  dumped  on  this  prepared  section  at  the  point  nearest 
the  clay  bed,  each  succeeding  load  thus  being  hauled  over  the  preced- 
ing. Care  should  be  taken  to  spread  each  separately  and  evenly  as 
soon  as  it  has  been  deposited  and  before  it  is  driven  over.  The  clay 
cover  spread  upon  the  subsoil  is  shown  in  figure  5. 

After  spreading  the  clay  it  should  be  covered  with  a  layer  of  clean 
sand.  When  the  road  has  been  opened  to  traffic  a  sufficient  amount  of 
sand  should  be  added  from  time  to  time  to  keep  the  surface  smooth 
and  prevent  the  formation  of  mud.  Both  the  thickness  and  the  width 
of  the  layer  of  clay  to  be  spread  are  determined  by  the  volume  and 
character  of  traffic  which  the  road  is  to  sustain.  If  a  narrow,  single- 
track  roadway  is  to  be  built,  it  has  been  found  best  to  spread  the  clay 
to  a  width  of  about  12  feet  and  to  a  depth  of  6  to  8  inches  in  the 
center,  tapering  the  layer  to  a  thin  edge  at  the  sides.  In  some  cases 
it  ma}7  be  necessary  to  modify  these  directions  to  accord  with  the 
quality  of  the  cla}T  and  the  amount  of  sand  which  it  contains.     The 


14       CONSTRUCTION    OF    SAND-CLAY    AND    BURNT-CLAY    ROADS. 

leaner  or  more  sandy  the  clay,  the  greater  will  be  the  amount 
required. 

After  the  clay  layer  is  completed  and  covered  with  sand,  as  already 
stated,  if  the  clay  is  of  a  plastic  and  lumpy  character  it  will  probably 
be  necessary  to  plow  and  harrow  it  alternately  until  the  lamps  are 
thoroughly  disintegrated.  Advantage  should  be  taken  of  rains  in 
order  to  puddle  the  road  surface  with  a  harrow.  As  long  as  the  sur- 
face shows  a  tendency  to  "ball"  and  cake,  more  sand  must  be  added 
until  this  trouble  is  overcome.  If,  on  the  other  hand,  the  surface 
loosens  in  dry  weather,  it  is  due  to  an  insufficient  quantity  of  clay  or 
else  because  the  clay  lacks  binding  power.  It  must  be  borne  in  mind 
that  the  construction  of  a  sand-clay  road  is  not  a  quick  operation,  but 
a  process  of  rather  slow  development.  In  the  course  of  the  work 
there  is  time  to  determine  what  proportions  of  the  two  materials  will 
finally  lead  to  the  best  results. 

If  the  materials  are  especially  adapted  to  the  purpose  it  is  possible 
to  construct  very  excellent  sand-clay  roads  without  the  use  of  plow, 
harrow,  or  roller.  The  mixing  can  be  left,  after  the  materials  have 
been  property  spread,  entirely  to  the  action  of  traffic.  In  all  con- 
struction, however,  the  best  results  are  hastened  by  the  use  of  plow 
and  harrow.  In  all  cases  it  is  advisable  to  use  a  road  machine  or  other 
similar  implement  to  crown  and  smooth  the  surface,  after  which  a 
light  coat  of  sand  may  be  added. 

The  quantity  of  clay  required  to  build  a  mile  of  road  will  vary  of 
course  with  the  width  and  depth  of  the  clay  layer.  A  roadway  12  feet 
wide  with  an  average  depth  of  6  inches  of  clay  will  require  a  cubic 
yard  of  clay  to  cover  li  feet  of  road  length;  that  is  to  say.  each  cubic 
yard  of  clay  will  make  li  "running"  yards  of  clay  road.  Since  there 
are  1,760  yards  to  the  mile,  it  will  be  seen  that  1,173*  cubic  yards  of 
clay  will  be  required  for  1  mile  of  construction.  From  this  data  the 
cost  may  be  readily  calculated,  when  the  rate  of  wages  and  distance  of 
haul  are  known.  The  average  load  has  been  found  to  be  about  two- 
thirds  to  three-fourths  of  a  cubic  yard,  when  the  hauling  is  done  over 
sand,  and  about  1  cubic  yard  when  the  hauling  is  done  over  a  dry  clay 
road,  it  may  be  said  after  rough  calculation  that  a  2-horse  load  of 
clay  will  cover  1  linear  yard  of  12-foot  surface,  making  1.7(>0  loads  to 
the  mile.  The  cost  of  shoveling  sand  upon  the  clay  is  the  same, 
whether  the  mixing  is  to  be  done  with  a  plow  and  harrow  or  left  to 
traffic,  and  should  therefore  in  each  case  be  added  to  the  cost  of 
hauling. 

SAND-CLAY    CONSTRUCTION    UPON    A    CLAY    SUBSOIL. 

After  proper  drainage  has  boon  provided  the  roadbed  should  first 
be  crowned  as  nearly  as  possible  to  the  form  desired  in  tin4  finished 
road.     The  road  surface  should  slope  from  the  center  to  the  sides  at 
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least  one-half  inch  per  foot.  It  should  be  noted  that  it  is  much  more 
important  to  form  first  this  foundation  crown  with  a  clay  than  with  a 
sandy  subsoil. 

The  foundation  having  been  properly  prepared,  the  surface  should 
be  plowed  and  harrowed  to  a  depth  of  about  1  inches  until  it  is  pul- 
verized as  completely  as  possible.  It  is  then  covered  with  6  to  8 
inches  of  clean,  angular  sand.  The  sand  should  be  spread  so  that  the 
la}~er  is  thickest  at  the  center  of  the  road,  following  in  general  the 
same  plan  as  was  outlined  for  spreading  clay  upon  a  sandy  foundation. 
The  first  mixing  by  plow  and  harrow  is  now  done  while  the  materials 
are  still  in  a  comparatively  dry  state.  It  has  been  found  that  the  clay 
foundation  can  be  more  evenly  disintegrated  when  in  this  condition. 
After  this  first  mixing  has  been  finished  the  road  is  finally  puddled 
with  a  harrow  after  a  rain.  In  case  an  excess  of  clay  works  to  the 
surface  and  tends  to  make  the  mixture  sticky,  sand  is  applied  until 
this  trouble  is  overcome. 

Upon  the  completion  of  the  mixing  and  puddling,  the  road  should 
be  shaped  while  it  is  still  soft  enough  to  be  properly  finished  with  a 
scraper  and  at  the  same  time  stiff  enough  to  pack  well  under  the  roller 
or  under  the  action  of  traffic.  In  case  it  is  impossible  to  obtain  the 
proper  consistency  of  the  surface  material,  it  is  better  to  shape  the 
road  when  somewhat  too  wet  than  when  it  is  too  dry,  even  if  it  is 
necessary  to  stop  traffic  upon  it  for  a  few  days.  The  road  should  be 
opened  to  traffic  as  soon  as  practicable  after  completion,  as  this  will 
be  found  to  have  a  beneficial  effect  upon  it. 

COST  OF  SAND-CLAY  CONSTRUCTION. 

It  is,  of  course,  impossible  to  state  definitely  the  cost  of  this  form 
of  construction,  as  it  will  be  found  to  vary  with  the  price  of  labor,  the 
length  of  haul,  the  width  of  roadway,  and  depth  and  nature  of  material. 
If  we  assume,  however,  that  the  clay  can  be  procured  within  a  mile  of 
the  road  which  is  to  be  improved,  and  that  the  cost  of  labor  is  about 
$1  per  day  and  teams  $3  per  da}T,  the  cost  of  constructing  a  12 -foot 
sand-clay  road  on  a  sand  foundation,  covered  with  clay  to  an  average 
depth  of  6  inches,  would  be  approximately  as  follows  for  a  distance  of 
1  mile: 

Crowning  and  shaping  road  with  road  machine,  using  2  teams  at  $3  and  1 

operator  at  81.50  per  day  for  1  day 87.  50 

Loosening  1,173J  cubic  yards  of  clay  with  pick  and  shoveling  into  wagons,  at 

15  cents  per  cubic  yard 1 76.  00 

Hauling  1,1 73 J  cubic  yards  of  clay,  at  23  cents  per  cubic  yard 269.  86 

Spreading  clay  with  road  machine,  using  2  teams  at  S3  and  expert  operator  at 

81.50  per  day  for  3  days. . . , 22.  50 

Shoveling  sand  on  clay,  estimated  at  J  cent  per  square  yard 35.  20 

Plowing,  using  1  team  at  83  per  day  for  4  days 12.  00 

Harrowing,  using  1  team  at  S3  per  day  for  2  days '  6.  00 


/ 
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Shaping'  and  dressing  with  road  machine,  using  2  teams  at  S3  and  expert 

operator  at  $1.50  per  day  for  2  days $15.  00 

Rolling,  estimated  at  i  cent  per  square  yard 35.  20 

Total _ 579.  26 

The  estimated  cost  per  square  yard  of  road  surface,  therefore,  when 
computed  on  the  basis  of  this  table,  would  be  about  8  cents,  or  at  the 
rate  of  $579.26  per  mile. 

The  cost  of  building  a  sand-clay  road  on  a  clay  foundation  would 
not  vary  much  from  the  figures  given.  The  latter  form  of  construc- 
tion would  probably  be  slightly  cheaper,  by  reason  of  the  fact  that 
sand  can  be  handled  more  economically  than  clay. 

According  to  the  experience  of  this  Office,  the  cost  of  sand-clay  con- 
struction in  the  South  has  been  found  to  range  from  $200  to  Si. 200  per 
mile,  in  most  cases  running  from  $300  to  $800.  A  sand-clay  road  con- 
structed under  the  direction  of  the  Office  at  Gainesville,  Fla..  1  mile 
in  length,  11  feet  wide,  and  having  a  9-inch  sand-clay  surface,  cost 
^ssi.25  per  mile,  or  10  cents  per  square  yard.  Another  sand-clay  road 
built  under  the  direction  of  the  Office  at  Tallahassee.  Fla..  16  feet  wide 
and  surfaced  with  about  7  inches  of  sand-clay  mixture,  cost  $I7<>  per 
mile,  or  about  5  cents  per  square  yard.  In  case  changes  of  grade  have 
to  be  made  with  consequent  cuts  and  fills,  the  cost  would  be  propor- 
tionately greater  than  the  figures  given  above.  There  can  be  no  ques- 
tion, however,  that  under  all  circumstances  this  form  of  construction 
is  cheaper  than  macadam. 

THE  CONSTRUCTION  OF  BURNT-CLAY  ROADS. 

In  large  areas  in  the  South,  particularly  in  the  valleys  of  the  Mis- 
sissippi and  its  tributaries,  sedimentary  clays  are  found  very  generally. 
In  these  areas  there  is  little  or  no  sand,  and  the  clays  are  of  a  particu- 
larly plastic  and  sticky  variety.  These  sticky  clays  are  locally  known 
as  *•  gumbo"  and  ;i buckshot.''  In  such  localities  traffic  is  absolutely 
impossible  during  the  wet  season,  as  the  wheels  of  heavy  vehicles  will 
sink  to  the  hub.  In  order  to  overcome  this  difficulty  the  Office  of 
Public  Roads  undertook  an  investigation  of  the  matter.  Special 
experiments  were  carried  on  in  the  laboratory  to  see  what  could  be 
done  in  the  way  of  burning  or  clinkering  these  clays  so  as  not  only  to 
destroy  their  plastic  qualities,  but  also  as  far  as  possible  to  form  hard. 
brick-like  lumps  which  should  be  capable  of  sustaining  traffic.  Sam- 
ples of  the  material  were  sent  from  the  Yazoo  district  in  Mississippi 
to  the  laboratory,  and  the  (Tinkering  point  of  tin1  clay  was  found  to 
be  sufficiently  low  to  indicate  that  simple  (turning  of  the  lumpy  clays 
upon  the  road  surface  by  means  of  open  wood  fires  would  accomplish 
the  desired  result.  Following  these  laboratory  experiments  it  was 
decided  to  make  experiments  on  a  road,  and  it  can  he  stated  that  this 
experimental  road  is  proving  highly  satisfactory. 
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Gumbo  clay  is  black,  owing  to  the  high  percentage  of  organic  or 
vegetable  matter  it  contains.  It  is  particularly  sticky  in  its  nature, 
and  is  almost  wholly  free  from  sand  and  grit.  After  it  has  been 
burned,  however,  the  plasticity  is  entirely  destroyed,  and  a  light 
clinker  is  formed  which,  though  not  particularly  hard,  when  pulver- 
ized forms  a  smooth  surface  and  seems  to  wear  well.  It  should  be 
understood  that  not  all  of  the  clay  out  of  which  the  road  is  to  be  con- 
structed is  to  be  clinkered,  but  only  a  sufficient  amount  should  be  ren- 
dered nonplastic  to  neutralize  the  too  sticky  character  of  the  native 
clay.  Fortunately  the  gumbo  district  is  plentifully  covered  with 
heavy  timber,  thus  affording  an  abundance  of  fuel. 

While  the  only  experimental  burnt-clay  road  constructed  by  the 
Office  was  in  Mississippi,  the  same  methods  might  be  applied  with 
equally  good  results  in  the  sections  of  the  prairie  States  that  have  no 
other  material  available  for  road  building. 

FUEL. 

Good  sound  wood,  as  dry  and  well-seasoned  as  it  is  possible  to  pro- 
cure, should  be  provided  before  beginning  the  work,  and  stacked  at 
convenient  intervals  along  the  side  of  the  road;  About  one  cord  of 
wood  has  been  found  necessary  for  8  linear  feet  of  roadbed  12  feet 
wide.  The  wood  may  be  cut  either  to  I,  8,  or  12-foot  lengths.  Brush- 
wood, if  it  is  dry,  as  well  as  chips,  bark,  old  fence  rails  and  railroad 
ties,  coal  .slack — in  fact  any  sort  of  fuel  that  can  be  easily  and  eco- 
nomical^ obtained,  may  be  used  to  advantage  with  the  cord  wood. 

PREPARATION  OF  THE  ROADBED. 

After  grading  the  road  to  an  even  width  between  ditches,  it  is 
plowed  up  as  deeply  as  practicable.  It  will  be  found  necessary  to  use 
four  horses  or  mules,  as  the  extremely  heavy  nature  of  the  cla}r  makes 
the  work  of  deep  plowing  difficult.  After  the  plowing  has  been  com- 
pleted, furrows  are  dug  across  the  road  from  ditch  to  ditch,  extending 
through  and  beyond  the  width  to  be  burned.  If  it  is  intended  to  burn 
12  feet  of  roadwa}T,  the  transverse  furrows  should  be  16  feet  long,  so 
as  to  extend  2  feet  on  each  side  be}^ond  the  width  of  the  final  roadway. 
Across  the  ridges  formed  between  these  furrows — which  should  be 
about  I  feet  apart — the  first  course  of  cord  wood  is  laid  longitudinally 
so  as  to  form  a  series  of  flues  in  which  the  firing  is  started.  From  15 
to  20  of  these  flues  are  fired  at  one  time. 

The  best  and  soundest  cord  wood  is  selected  for  this  course  and 
should  be  laid  so  that  the  pieces  will  touch,  thus  forming  a  floor. 
Another  layer  of  wood  is  thrown  irregularly  across  this  floor,  in  crib 
formation,  with  spaces  left  between  in  which  the  lumps  of  clay  are 
piled.     Care  should  be  taken  that  the  cla}r  placed  on  this  cribbed  floor 
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is  in  lumpy  coarse  enough  to  allow  a  draft  for  easy  combustion.  The 
progress  of  the  work  up  to  this  point  is  shown  in  Plate  III,  figure  1. 

After  the  lumps  of  clay  have  been  heaped  upon  this  floor,  another 
course  of  wood  is  laid  parallel  to  the  first.  The  third  layer  is  laid  in 
exactly  the  same  manner  as  the  first,  and  each  opening  and  crack 
should  be  filled  with  brush,  chips,  bark,  small  sticks,  or  any  other 
combustible  material.  The  top  layer  of  cla}T  is  placed  over  all  and 
the  finer  portions  of  the  material  are  heaped  over  the  whole  structure. 
A  careful  arrangement  of  this  cord-wood  cribbing  to  separate  the  clay 
is  important,  and  the  directions  should  be  carefully  followed. 

The  deep  covering  of  clay  which  is  thrown  over  all  should  be  taken 
from  the  side  ditches,  and  may  be  in  lumps  of  all  sizes,  including  the 
very  finest  material.  It  is  spread  as  evenly  as  possible  over  the  top  in 
a  layer  of  not  less  than  6  to  8  inches.  Finally  the  whole  is  tamped 
and  rounded  off  so  that  the  heat  will  be  held  within  the  flues  as  long 
as  possible.  When  coal  slack  is  available  the  two  top  layers  of  wood 
may  be  omitted  and  the  coal  slack  thoroughly  mixed  with  the  clay. 
The  final  construction  is  shown  in  Plate  III,  figure  2. 

It  is  necessary  to  get  the  fires  well  under  wa}7  in  the  flues  before  the 
first  layer  of  wood  is  burned  through.  The  first  action  of  the  fire  is 
to  drive  out  the  water  contained  in  the  clay  before  the  actual  burning 
and  clinkering  can  begin.  In  burning  the  gumbo  clays  a  great  advan- 
tage is  gained  from  the  organic  and  vegetable  matter  which  is  con- 
tained in  the  clay,  as  that  in  itself  aids  combustion. 

FIRING. 

It  has  been  pointed  out  above  that  in  our  practice  15  or  20  flues  are 
prepared  ready  for  firing  in  one  section.  If,  however,  a  large  force  of 
laborers  is  available  for  the  work,  a  greater  number  of  flues  can  be  fired 
at  one  time.  It  is  always  possible  to  divide  the  firing  into  sections  by 
omitting  the  charge  of  wood  in  one  transverse  furrow,  which  may  then 
be  covered  later  and  burned  in  the  same  way  as  the  rest.  Plate  IV, 
figure  1,  shows  one  section  completely  burned  and  firing  begun  in  the 
next. 

The  best  results  are  obtained  by  firing  all  the  flues  of  a  section  simul- 
taneously and  maintaining  the  combustion  as  evenly  as  possible.  A 
supply  of  light,  dry,  kindling  wood,  or  any  easily  inflammable  mate- 
rial, should  be  at  hand  to  prevent  the  fire  from  dying  down  in  any 
one  place.  The  firing  should  invariably  be  begun  on  the  windward 
side,  in  order  to  obtain  the  maximum  draft.  In  case  the  combustion 
is  too  rapid  in  any  flue,  it  may  be  regulated  by  banking  the  mouth  of  the 
flue  with  clay. 

After  the  firing  is  completed  not  only  the  portion  of  clay  which 
forms  the  top  of  the  kiln,  but  the  ridges  between  the  Hues  should  be 
burned  thoroughly,  so  as  to  form  a  covering  of   burnt  clay  10  to  r2 


COST    OF    BURNT-CLAY    CONSTRUCTION.  19 

inches  in  depth,  which,  when  rolled  down  and  compacted,  forms  a  road 
surface  of  from  6  to  S  inches  in  thickness.  If  properly  burned,  the 
material  should  be  entirely  changed  in  character,  and  when  it  is  wet 
it  should  have  no  tendency  to  form  mud. 

When  the  material  is  sufficiently  cooled  the  roadbed  should  be 
brought  to  a  high  crown  before  rolling,  in  order  to  allow  for  the  com- 
pacting of  the  material.  This  can  best  be  done  with  a  road  grader. 
After  this  the  rolling  should  be  begun  and  continued  until  the  road- 
bed  is  smooth  and  hard.  The  finished  crown  should  have  a  slope  of  at 
least  one-half  inch  to  the  foot. 

The  main  advantages  of  this  method  of  burning  a  road  over  its  entire 
length  are,  first,  that  the  cost  of  transporting  the  clay  is  avoided;  sec- 
ond, that  the  subgrade  of  the  road  is  burned  as  well  as  the  material 
above. 

COST  OF  BURNT-CLAY  CONSTRUCTION. 

It  is,  of  course,  impossible  to  give  the  cost  of  a  burnt-clay  road 
which  will  apply  to  the  same  work  in  all  sections  of  the  country. 
Although  this  form  of  construction  in  the  South  up  to  the  present 
time  has  been  successful,  it  can  not  as  yet  be  said  to  have  passed  the 
experimental  stage.  The  items  of  cost  of  the  experimental  road  300 
feet  long,  as  constructed  at  Clarksdale,  Miss.,  are  as  follows: 

3(H  cords  of  wood  at  81.30  per  cord §39.  65 

20  loads  of  bark,  chips,  etc 6.  00 

Labor  at  §1.25  per  day  and  teams  at  §3  per  day 38.  30 

Total  cost  of  300  feet 83.  95 

Total  cost  per  mile  at  this  rate „   1 .  478.  40 

In  view  of  the  success  of  the  experiments  so  far  made  and  the  com- 
parative cheapness  of  this  form  of  construction,  it  is  hoped  that  the 
localities  which  have  no  hard  material  available  will  continue  the 
experiments  with  burnt  clay.  Although  it  can  not  be  denied  that 
the  gumbo  and  buckshot  clays  of  the  South  are  particularly  adapted 
for  burning  on  account  of  the  high  percentage  of  organic  matter  which 
the}'  contain,  it  is  none  the  less  probable  that  many  of  the  surface 
clays  and  soils  of  the  States  farther  north  could  be  treated  in  the  same 
way,  and  in  fact  any  soil  or  clay  which  bricks  or  clinkers  at  a  compara- 
tively low  temperature  should  be  suitable  for  the  work. 

Since  the  experiment  made  by  this  Office  at  Clarksdale,  Miss./' 
numerous  sections  of  burnt-cla}-  road  have  been  built  in  that  locality, 
and  up  to  the  present  time  only  favorable  reports  regarding  them 
have  been  received. 

«  For  reports  concerning  this  road,  see  Annual  Report,  Office  of  Public  Roads,  1905. 
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Plate  I. 


Fig.  1.— Typical  Clay  Road  Before  Improvement. 


Fig.  2.— Sandy  Road  Before  Improvement. 
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Plate  III 
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Fig.  1.— First  and  Second  Courses  of  Wood  Covered  with  Lump  Clay. 


Fig.  2.— Pile  of  Wood  and  Clay  Completed  and  Firing  Begun  in  One  of  the  Flues. 
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Plate  IV. 


Fig.  1.— One  Section  of  Road  Burned  and  a  Second  Section  Being  Fired. 
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Fig.  2.— Partial  View  of  Finished  Road. 


■tan 


